Molecular basis of action of HyBeacon fluorogenic probes: a spectroscopic and molecular dynamics study.
HyBeacons, novel DNA probes for ultra-rapid detection of single nucleotide polymorphisms, contain a fluorophore covalently attached via a linker group to an internal nucleotide. As the probe does not require a quencher or self-complementarity to function, this study investigates the molecular-level mechanism underlying the increase of fluorescence intensity on hybridization of HyBeacons with target DNA. Spectroscopic ultraviolet-visible and fluorimetric studies, combined with molecular dynamics simulations, indicate projection of the fluorophore moiety away from the target-probe duplex into aqueous solution, although specific linker-DNA interactions are populated. Based on evidence from this study, we propose that for HyBeacons, the mechanism of increased fluorescence on hybridization is due to disruption of quenching interactions in the single-stranded probe DNA between the fluorophore and nucleobases. Hybridization leads to an extended linker conformation, removing the fluorophore from the immediate vicinity of the DNA bases.